Study Design: Retrospective case series. Purpose: To evaluate the clinical and radiological efficacy of anterolateral kyphoplasty for cervical spinal metastasis. Overview of Literature: Although the spine is the third most common site of tumor metastasis, the cervical spine is the least commonly affected (incidence, 10%-15%). Surgical decompression is highly challenging because of the proximity of neural and vascular elements. Kyphoplasty for cervical spine metastasis has been described in small case reports with promising results. Methods: Retrospective analysis of a prospective collected single-center spine metastasis database was done for cervical kyphoplasty cases. Data pertaining to age, sex, primary tumor diagnosis, modified Tokuhashi score, Spinal Instability Neoplastic Score (SINS), preoperative Visual Analog Scale (VAS) score, and analgesic medication were extracted. Postoperative data included VAS score at postoperative day 1, duration of hospitalization, self-reported functional outcome, and VAS score at the last follow-up. Results: Eleven patients (mean age, 62.5 years) with cervical spine metastases were treated with 15-level kyphoplasty. Mean Tokuhashi score was 8.1, and mean SINS was 7.85. Mean preoperative pain score was 7.1, and 82% of patients used opioid analgesics. Mean total bleeding volume was 100 mL. Mean complication-free length of stay was 2.6 days with a decrease in postoperative pain (VAS score=2.8, p<0.05). There was a 56% decrease in opioid dosage and the number of consumed analgesics (1.09, p=0.004). Eightytwo percent of the patients reported excellent improvement at the last follow-up self-assessment. Conclusions: To our knowledge, this case series represents the largest series of vertebral augmentation using balloon kyphoplasty for cervical spinal metastasis. This technique is associated with low postoperative complications as well as significant decrease in pain, use of opioids, and length of hospital stay. The main indications for vertebral kyphoplasty are lytic lesions of the cervical spine, painful lesions refractory to medical treatment, SINS score of 6-10, and absence of posterior wall defect.
Introduction
The spine is the third most common site of metastasis after the lungs and the liver and is the most common site in the osteoarticular system [1] . Only a third of all patients with spinal metastasis are symptomatic and require medical or surgical intervention [2, 3] . When the spine is involved (10% of all tumor cases), the cervical spine is the least commonly affected (10%-15% of all spinal metastasis) [3, 4] . Surgical intervention is indicated in patients with neurological involvement, radioresistant tumor, or spinal instability and rarely for tissue diagnosis [5] [6] [7] . Surgical techniques aim to decompress neural structures, restore spinal stability, and alleviate pain.
Cervical spine metastasis is typically treated with piecemeal decompression or palliative surgery because en bloc resection is associated with high morbidity and mortality [4] . Moreover, surgical decompression is highly challenging because of the proximity of neural and vascular elements as well as because of the need for anterior and posterior approaches due to the highly mobile nature of this spinal segment [8] . Anterior cervical corpectomy offers the most direct approach in a majority of patients with cervical spine metastases. It allows for the decompression of the neural elements, excision of tumor, and effective reconstruction of the vertebral column [9] . Nonetheless, this approach is associated with a wide range of complications (reported incidence range, 4%-66%) [9] .
Vertebroplasty was first described as a treatment option for aggressive hemangiomas of the lumbar spine [10] . The most common indication for vertebroplasty is vertebral osteoporotic fractures [11] . This treatment has been shown to be effective for the palliative treatment of metastatic spinal disease and even for the treatment of osteoblastic lesions [12] . Recent reports have shown promising results of kyphoplasty for cervical spine metastasis [13, 14] . The objective of this study was to report the single-center experience with the palliative treatment of cervical metastasis using cervical kyphoplasty.
Materials and Methods
This study was approved by the Institutional �thical Com�thical Comthical ComCom-ommittee of the Centre Hopitalier de l'Université de Montréal, Montréal (IRB approval no., 17.156) and informed consent was waived. A prospectively collected database of a tertiary referral spine center was reviewed for cases of cervical spinal metastasis treated between January 2010 and the day of preparation of the manuscript. All patients had undergone magnetic resonance imaging (MRI) and computed tomography (CT) of the cervical spine to identify posterior cortical breach. Inclusion criteria were as follows: (1) age >18 years; (2) metastasis to the cervical spine; and (3) axial pain (Visual Analog Scale [VAS] score ≥6/10). �xclusion criteria were patients who presented with neurological involvement and patients with highly unstable metastatic lesions (Spinal Instability Neoplastic Score [SINS] ≥12) [7] .
Surgical technique
The surgical technique for kyphoplasty for the cervical spine was described by Fuentes et al. [14] in 2009. With the patient in dorsal decubitus position and under general anesthesia, a right anterolateral approach at the approximate level of the cricoid cartilage was undertaken, keeping in mind the orientation of the odontoid for C2 kyphoplasty (exactly like a C2 odontoid screw placed in fractures). Generally, this incision may be used to treat multiple levels. The spine was dissected. Platysma dissection was performed and the medial border of the sternocleidomastoid muscle was localized. Next, the avascular plane is followed and the prevertebral fascia is opened. Special care should be taken during dissection of the pharyngeal fascia at the level of C2-C3. We recommend the use of the Synframe retractor system (Synthes, Paoli, PA, USA) for the retraction of the vital structures. Using fluoroscopy (AP and lateral), the Jamshidi needle was advanced at the lower anterior corner at the midline of C2 at the C2-C3 junction. The needle should have a trajectory that aims at the posterosuperior angle of the dens (similar to an odontoid screw). Next, the needle was advanced into the vertebral body and replaced with a working canula (10F canula) using a guidewire. Subsequently, we introduced and inflated the balloon under real-time fluoroscopic guidance. We recommend the use of smaller balloon in the cervical spine than that used in the thoracic and lumbar spine (generally 10 m� balloon, i.e., the smallm� balloon, i.e., the smallballoon, i.e., the smallest balloon for thoracic vertebra). Finally, the cement was prepared and injected under fluoroscopic guidance after deflation and removal of the balloon (Fig. 1 ). To prevent cement leakage, meticulous care was exercised by rigorous fluoroscopy control (approximately 2-3 m� per vertebra).
Methods
Background data included age, sex, and primary tumor diagnosis. Modified Tokuhashi score, SINS for the affected vertebra, and the number of vertebrae involved were also recorded. Patient characteristics included pre-operative VAS score as well as opioid use. Postoperative data included VAS score at postoperative day 1, duration of hospitalization, self-reported functional outcomes (satisfaction with surgical outcomes and self-valuation of the outcome), VAS score at the last follow-up, and duration of follow-up.
Statistical analysis was performed using the PASW SPSS for Windows ver. 18.0 (SPSS Inc., Chicago, I�, USA). Student t-test was used to compare mean values, and chisquare test was used to compare binary variables. All p<0.05 were considered statistically significant.
Results
Overall, 11 patients (seven females and four males) with cervical spine metastases treated with 15-level kyphoplasty and vertebral body augmentation vertebroplasty were included (Table 1) . Mean age of patients was 62.5 years.
Mean number of comorbid conditions was 1.45 (stan-(stan-standard deviation [SD]=1.2), mean Tokuhashi score was 8.1 (SD=2.3), mean SINS score was 7.85 (SD=1.1), and mean preoperative pain score was 7.1 (SD=1.7). Mean number of preoperatively consumed analgesics was 1.8 (SD=0.75); 82% of patients were using opioids, most commonly morphine or hydromorphone. Mean number of affected levels was 1.72 (SD=1.1). Seven patients (63.6%) had single-level disease, whereas four had more than one cervical vertebrae affected. C2 was the most commonly affected level (45% of the operated cases). One patient required fusion for C4 instability in addition to kyphoplasty (SINS=11), and the remaining patients underwent kyphoplasty alone (91%). The most common primary tumor was lung cancer (36%), followed by multiple myeloma and breast cancer (each, 27%).
Mean operative time was 75 minutes (including anesutes (including anes-(including anesthesia time, SD=46.7), and mean total bleeding volume was 100 m� (SD=64.5). Mean number of operated levels was 1.45. Two patients (18%) developed major complications. One patient developed pulmonary embolism, which resulted in prolonged hospitalization. The other patient exhibited recurrent episodes of desaturation postoperatively (past medical history of emphysema), which led to respiratory decompensation and death on postoperative day 6. Mean complication-free length of stay was 3.9 days (SD=3.1). Pain in the postoperative period (mean VAS score=2.8, SD=1.47) was significantly lower than that in the preoperative period (p<0.001). Mean number of postoperatively consumed analgesics was significantly reduced to 1.09 (SD=0.7, p=0.004). There was a 56% decrease in opioid dosage postoperatively. There was cement leakage in two levels (first cases were we would inject fresh prepared cement) with an incidence of 6%.
Mean duration of follow-up was 6.1 months. Pain reduction was preserved at the last follow-up (VAS score=3.1, p>0.05 versus immediate postoperative VAS score). Moreover, 82% of the patients reported excellent improvement on the last follow-up self-assessment. Only one patient developed local progression of the disease; however, reoperation was not performed because of poor overall health status.
Discussion
Spinal column metastasis is a common pathology. Postmortem pathological examination shows occult spinal metastasis in 30%-90% of patients with tumors, depending on the primary tumor type [15] . Although these metastases affect the cervical spine in only 8%-15% of cases, these patients often experience significant pain and discomfort because majority of the metastasis in the C1-C2 area present with a fracture [8] . Pain in cancer patients is multifactorial and may be caused by pathologic compression fractures, invasion of paravertebral spinal tissues, and/or compression of neural elements [16] . In advanced stages, these patients have reduced life expectancy, with the strongest predictor of survival being the primary tumor type. Radiotherapy is one of the most commonly used palliative treatments for painful metastasis. Nonetheless, it is only effective in approximately 50% of patients with bone pain [16] . Classically, anterior corpectomy and fusion or posterior decompression and fusion have been the traditional method for the treatment of cervical spine metastasis [9] . Nonetheless, it is associated with high rates of complications; in particular, infection is a frequent occurrence in these patients [9] . Cement augmentation techniques represent a novel therapeutic approach that aims to decrease pain, stabilize spine, improve the quality of life, and avoid complex surgeries and their complications [12] . To date, this study represents the largest series of kyphoplasty for the treatment of cervical spine metastasis. �xcellent results may be expected in more than 80% of the patients, with very low surgical complication rate related to the surgical technique. Another important finding is the possibility of a safe multilevel treatment using the same anterolateral approach. Cement augmentation has been shown to improve the quality of life and decrease the consumption of analgesics at 1 year. Indeed, it is a well-established treatment for thoracolumbar spinal metastases [17] . The main indication for cement augmentation is the presence of mechanical pain (with/without vertebral compression fractures) with no evidence of neural compression. Nonetheless, the use of cement augmentation for cervical metastasis is not well reported because the typical characteristics of cervical spine (proximity to neural and vascular elements and small pedicles) render the procedure challenging [18] . Cement augmentation for cervical spinal metastasis is not widely studied; only 12 studies have reported cement augmentation (combined n=113) [18, 19] . Pooled analysis of these results showed decrease in pain, improvement in quality of life, and decrease in the use of cervical collar. Nonetheless, vertebroplasty is associated with the injection of less viscose cement with the possibility of extravasation into the surrounding tissues, particularly if there is a breach of the vertebral posterior [19, 20] . Stangenberg et al. [19] reported a 7.4% rate of posterior cement extrava-. [19] reported a 7.4% rate of posterior cement extrava- [19] reported a 7.4% rate of posterior cement extrava- [19] reported a 7.4% rate of posterior cement extravareported a 7.4% rate of posterior cement extravasation, which may lead to serious consequences, as highlighted by Mont' Alverne et al. [21] .
Balloon kyphoplasty creates a space for cement filling by decreasing the filling pressure, and allows injection of more viscous cement and decreases paravertebral and intradiscal cement extravasation [11] . Balloon kyphoplasty for cervical spinal metastasis was described by Fuentes et al. [14] in 2009; however, there are few reports of surgical efficacy of this technique (Table 2 ) [22] [23] [24] . To our knowl--24]. To our knowl-24]. To our knowledge, this study reports the largest series in the literature with excellent results in more than 80% of the patients, mean decrease in neck pain score by 5 points, and more than 50% reduction in pain medication and opioid use. �ykomitros et al. [22] presented a case series of two cases with two level kyphoplasty in one patient. They reported improvement in neck pain by 6 points on the VAS scale. Both patients did not require cervical collar postoperatively owing to subsidence of neck pain and stiffness [22] . The second largest series was reported by Blondel et al. [23] Their findings are consistent with the findings of the present study: improvement of 6 points on the VAS score, low bleeding volumes (<200 m� in all cases), and length of stay of 2 days [23] . Nonetheless, there were no cases of multiple level application of this technique. Posterior wall defect remains the only contraindication to this technique, which calls for detailed evaluation of each patient with MRI and CT.
First of all, the included number of patients is too low to allow for robust statistical analysis including correlation analysis. However, the observed statistical difference could be interpreted with strong power since the difference is highly significant and represents the largest series in the literature. Another limitation of this study is the short duration of follow-up. Unfortunately, our institution is a tertiary referral center, and patients tend to continue follow-ups in their respective hospitals in far areas in the province.
Conclusions
As per our knowledge, this study represents the largest series of patients with cervical spinal metastasis who underwent vertebral augmentation using balloon kyphoplasty. This technique is associated with low postoperative complications as well as significant decrease in pain, use of opioids, and length of hospital stay. We would like to emphasize on the feasibility of the use of the same approach at multiple levels with no increase in surgical bleeding or complications. We believe that the main indications for vertebral kyphoplasty are lytic lesions of the cervical spine, painful lesions that are refractory to medical treatment, SINS score of 6-10, and absence of posterior wall defect.
